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(54) PERPENDICULAR MAGNETIC RECORDING MEDIUM AND MAGNETIC STORAGE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a perpendicular 
magnetic recording medium which is improved so as to 
be suitable for high-density magnetic recording and a 
magnetic storage device using this medium. 
SOLUTION: The backing magnetic film of a two-layer 
perpendicular medium is made to have two or more 
layers so that one of these layers is used as a keeper 

layer 17 for keeping the perpendicular magnetization and ^. 

the others are used as the layers 13, 15 for increasing 
the recording efficiency of a recording head by ■ 
separating the functions of the medium. The generation 
of noise is reduced by regulating the magnetization 
direction of soft magnetic film other than the keeper 
layer to the peripheral direction of a disk. 
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fc. #B5@afaii-^ f K©F e - N i 

f*BB o . 5 2 w m . m&momjm&wsmsm < g 

50 MR) -\? K©h-7^*ta(J0. 4 Mm. i/-)\>Ym& 



11 

ttO. 0 8 urn, aiJ3ED#<D^-*»^ttO. 15um 

IB»CCW % h^vZmO. 5 2 Mm©aiJS'J>^^ F 

tt©S£HJ>W*fflteH:, ^»»J8jW0a*ffi (GMR) 
^?F(h7?>iO. 4 Mm, *>-JUFfHBiO. 0 8 
wm) ?:^-^>y0, 15/im(D^ftrffil^c e 2 
5 0 k F C I &c>*5 0 0 k FC I ©««BB«*fTttofc 

MShft^ofe. cne>©*JS3(S««:H4 4ia5K:* 

To 

[0 029 ] fB^fi#<Z)H^tb^il>:ei4McD^if (DM 

0 k F C I (Dm&ltmm&S n mElbt?, £/t2 5 0 k 
F C I (Dm^ZmmW 1 2 n mtLhGDB^ ^HSiiMft: 

ttSttttJBIflE** 1 0 0 n mJSLhCC&Si >?mfo 
tc *) <D¥t&$m& 1 fflfiLL tft^Ci ftSfllS S ti/c 0 
[0 03 0] -Ttttoft, tt^fttC**l?SJU6<De? F 
KBmin, SiS«< fcJB<D^PJS<Dfifi38BE<k%M sit 
WlltB{URceftl/A:J|«J:Q i> 1 . 2 5{£ 
JBLh**«cW^ffl**»*ft:*«:tt, 0. 5Bmin- 

mm&mZl 0 0 nml^lCUZ J Z<D 

[0 03 1 ] SS/c, #Wfc«rfWLte«B»iE»«»* 
ffl^T, »4»^iUtGMR^y F*ffltift:2. 5^ 
>^<De«IB«^g^{ / FiaL./c 0 S*ii£SfBl§^S5 0 0 
kBPI (Bit per Inch), F 5 * *«]g8 0 k T P I 

(Track per Inch) ^6&SDIBM0ft4 OGb/i n 

[0 0 3 2 ] HS2. 5>f>^7Xl 

1±CC, *fiB6ttCr»6 2*l On mil, 
ettC o-21at%Cr-12at%Pt-2at% 
Tail 6 3*1 5nmJ¥, IfcTOfcC o - 6 a t %N b - 
3at%Zr!64?:l 50nml, #»14S i -1 5 
at%Bl6548nmf, »Fe-4at%S i 
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-3at«All66t40nmI, 2HB14Sifil6 7 
*5 nmf, ^SttttC o-35at%Cr-15at% 
Ru|j6 8*5 nmf, SftttfbMC o-2 1 a t%C 
r-12at%Pt-2at%Tal69420nm 
Jl, Stt^fbSIC o-17at%Cr-16at%Pt 
8l7 0*2nmJ?, f£KM£ It #-;J<>jg7 1 *4 n 

io atatt i . 4Tr*o, &%<o»iammifi*:i* < 

[0 0 3 3 ] £/c, fJffiO^ttF e-4at%Si- 
3 a t%A 1 6<Dftfr*Kc % Ir^rtlfeUlWBBMb* 
1. lTtdrt^., Co-5at%Nb-2at%Z 
rE Co-4. 5at%Ta-3at%ZrE Co 
-4at%Mo-3at%ZrI, Co-4at%W- 
3at%ZrI 4 C o -4 a t%Nb -3 a t%H f 

Co-3. 5at%Ta-2at%HfI, Co- 
3at%Mo-3at%HfE Co-3. 2 a t %W 
20 - 3 a t %H f K*RWfcJMjrf ttH«<D«ia*«F-3aa 

[0 0 3 4] 3 6tC, H6CC*jW4»»Sii:BBE{bK6 
9 V 700Rt>OtCCo-50a t%Pt*JB« (JR 
*:2 0nmK F e -5 0 a t%P tflll (Jgii: 
2 0 nm), ( (Co:2nm)/(Pt : lnm) ) 
io&mm. I (Co-16at%Cr-4at%Ta : 
2nm) / (P t : 1 nm) } { (Co - 2 

0at%Cr-6at%B:2nm)/(Pd: In 
m) } %0 &mm, *fiRTb- 12at%Fe-15a 
30 t%CoMEKib« (mm : 2 5 nm) ^tStt/cJ^Wt* 

CTCCfel>T, WA« ((Co:2nm)/(Pt:ln 
m) } i0 g>mm\Z, 2 nm/lcDC oJKi 1 nmilCDP t 

[0035] ^aju/csaa^iBiaji^ttiKttJKtc^ 

ft L Titft <t & 4 <fc 5 tc -/ * * 4ii&8PCD?L(c*AUmR 
W*4©fiR* 3 0 0 •C3&i6Sffl*-C»*P , r 4 £ i «C <fc o 

[0036] immt bx, mme 1 ±tc. iHBttc r 

162*10nml, 5SIS14C o-21atXCr-l 
2at%Pt-2at%Ta@63*l 5 n mil, «Cfi5 
50 ttCo-6a t%Nb-3at%Zri64*200n 
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mBBtim. Am^miiS il67?:5n nil . &W. 
tCo-35at%Cr-15at%RuI6 845n 
mm. mmmitmc o-21at%Cr-12at%P 
t-2at%Ta669420nm)f, giUUfcJgC o 
-17at%Cr-16at%P tl70*2nml, 

[0 0 3 7] «6l»T. Ctl6®SSH©E»W^»tt*iE 

fSSSt^y K©F e-N i ^£®I5© h 5 Utt 0 . 5 10 
2 u rn, W£ffl©E*^igtn$imM (GMR) F 
© h ? v ^ifgfcKO. 4ym, S/-;l/KraPS»0. 08 m 
m. mW^<O^~iy->if^0. 0 2 ami Ute. 4 0 
0 k F C I OSBaWBft^tToytW^OfflM^iOS/Ntt. 
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t. imwimmsttmmicft-rzmmijt or 4 
00 kFc i (Dizmmmhmmnbtc. s/c. 

0l«±tm?n/c)|Mx, 0. lJy±l*$&£ 
O, 0. l^jS^iL-CSFIiLfc. Cti60il*, 
JSTF©il 2 tcijrr. ^2tc*ji^r > {br« { (c 
o:2nm)/(Pt:lnm))„«, 2 nml©C 
oHii 1 nm»©P t*lOffl*^t>-&*»«JiEU 1 0*1 

mm Ltc^mmrch s c t l x 

[003 8] 
[*2] 
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S«7 2±CCJ!£2 0 nmCDN i 0S§Sffittll7 3, J? 

O0nm(DFe-25at%Ni J* 
£5 nmcDS i f N 4 #»ttll7 5, »S 1 0 Onm<DC 
o-6at%Nb-3at%Zrft»ffil76, 5 
nmOS i OjEattSl7 7, I?20nm(DF e -5 
at%Ta-10at%CtIttl7 8 k il35nm<D 
Gel7 9 , m$2 0 nm£>C o-18at«Cr-l 
2at%Pt~lat%Si-3a t%BSiS»^bM8 

0, «3 5nm(D^-#>«8IR8 ISrJgflSO, gfiS& 

[0 04 1 ] 5 6^ lufBS i J N 4 «tl74©f-tb 

vwmmmmtoxB. c, m?, ai. si. t 

1, V, Cr, Cu, Zr, Nb, Mo. Ru, Hf, 
T a . W, A u . A 1 - 1 0 a t %M g . S i - 2 a t 
%T i , Ti-15at%V, Cu-5at%Ag, A* 



i 

No. 


A *4 


***** S/N (4B»flBt) 


1 


SDN4 




132 


2 


B 




131 


3 


C 




134 


4 


Mg 


© 1.29 


5 


AI 


@ 


135 


6 


Si 


@ 


136 


7 


Ti 


<§► 


130 


8 


V 




1.28 


9 


Cr 




1.29 


10 


Qi 


<§> 130 


11 


Zr 


<8> 132 


12 


Nb 


© 134 


13 


Mo 


<§> 


133 


14 


Ru 


@ 


138 


15 


Hf 


<3> 


136 


16 


Ta 


@ 


132 


17 


W 


© 


1.29 



[0 04 3] *3K5*LfcJ{Btt**»6W6*>&J:$ 
K. ##&BJJtc J; 5aiffl^iB«9«<*tt*^ A V J A XV> 
A&WMH 3 ft £ <t i 4> (c S /N JtttWfctf/t-c 
2 0~4 0%&#3ftTl,>S <> ^SPJfCfc-Saa 
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*u-50at%Ag, BN, B,C, N i O. Al 
2 0 3 , S iO,, CaO, ZrO,, MerO-CaO, S 

1 O, • Z r O, , S i O, • C a O, *ffll»fc£tfrftt|aj 

mail*? xWR&Cffl&mZ 2 0 0 n m©#Jl©F e - 

2 5 a t %n i m^wmmmt itmi, *<d±x. 

J12 5 n mCDGel, !W2 2 0 n m©C o - 1 8 a t % 
Cr-12at%Pt-lat%Si-3at% Bag 
tttbjR. m$5n m©#-iK>#8M&JI5J5SLfc£iS» 

io «fa^^^fp^b/c„ cn6©aas6»iE«iS^*ii 
mmwomft s/n> x ; w ^ tK ^ -y xzmm 1 £ pj 

[0 042] 
[«S3] 



2* 

No. 


: n 




IB 


Ail 


® 


131 


19 


AI-10at%MB 


€> 


136 


20 


Si-2at%Ti 


@ 


136 


21 


T!-15ai%V 


i @ 


133 


22 


Cu-5at%Ag 


® 135 


23 


Au-50at%Ag 




139 


24 


BN 


° 134 


25 


B4C 


° 137 


26 


NiO 


® 135 


27 


A1203 




136 


28 


Si02 




132 


29 


CaO 




1.27 


30 


ZK>2 


© 


1.29 


31 


MgO- CaO 




1.32 


32 


Si02 • Zr02 


<S> 


133 


33 


Si02 • CaO 


@ 


130 






X 


(1.0) 



19 

[0044] immms ] mtMH tmmc. m i cc^ 

1. 8 -J>?<Drt ; 7ZmR7 2_Bcjf S 1 0 nm©F e 
-5 0at%P t&miimi 3 . M£ T, n m©F e - 
2 5 a t%N i $m&m7 4, f^5nm©Cu«tt 
175, nm©C o -6 a t %Nb - 3 a t% 

Z r$KM1£JH7 6. /13 5 nmOS i Ojm&mi 
7, J|?20nm©Fe-5at%Ta-10at%C 
^17 8, I35nmOTi-10at%Crl7 
9. 2 0 nmCDC o - 1 8 a t%C r - 1 2 a t % 10 
P t - 1 a t%S i - 3 a t %BSiti5B-ftJK8 0 . m$ 
5 n m©#-*>&Hfil8 1 *J&SLfc-S©3ii»» 
E»«flE&fHKGfc. CCt, Fe-25at%NiK 
fiBttJBI 73iCo-6at%Nb-3at%Zr ig«&t£ 
If 7 5 ©-en-eft© JS 3 (T„ T,nm) £5nm~2 
0 0 nm©S5Hr^-fb3-a-/Co 

[0045] ^mmr?m^tcWtw/&m<D&mi{t<Dm 

«SlfciC5. F e -2 5 a t%N i DcfiSttMi C 
o-6at%Nb-3at%Zr Wm&m<DBit 1 T, 
F e -5 a t%Ta - 1 0 a t%C$>c&ttJg©«i«:l . 20 
6Tr*-»fc. Cft6©SB®»iB»i«i*>&»f&0»|2 <!: 

[0 046] KfPUfcS*«BEmfB»^f*ODfB«kS^tt 

fc. ^»Fit/t. «T©4«Bl*!*«Lfc. Cft 
64«H©»«^» F«®@fcf*4£?K«S© h 5 s» 

w*aff-iL»-c«g^:tt«aaji»«a (gm 

R) -^f FJR-T-Oh-5 s> 4>|g«0. 14/im, ;b F 
HPBttO. 07 um<D*m<Dm£.^9 F*Jg480Tl,>4 30 
&©•?*£„ lBtiUg©¥flBHi^? KOflWt*. ttfflWb 
#1. 6TOFe-Coii ( b ? v i>m : 0. 15m 
m. 0. 30am. 0. 50am, 1. 0am) ib 

[0 047] *ft^ft©iBM^ s> F©^^(DfBlS?*^ 

14: o/w#i±) aitfc. o/wwtt», 40 

tOBJSliBlfHeS (4 0 0 k FC I ) ©{B#*»^fc±«C 
{SflMBffi&lK ( 1 0 0 k F C I ) ©flH»**fcTlB*l, 

fct *<DnMim®m.m^<Dm£im*- d B»wti 

ttSCtiao-CffiOfc. 08K. Fe-Ni$fcB8 
t<m (T.nm) . Co-Nb-ZrfClStt® (T,n 
m) ©ilS4lH|B${c5 nm~2 0 0 nm©f5H"CSE{t3 
ttfcSEllgif BI§8$tt©fliJI (Ti = Ti <D3kft~emt) 
tO/WCOM&Zfjkt. H8©±a«ctt. Z (Bs. • 
T.) ©ffiiflHS-CTnOfc. fcfc. Z (Bs. • T.) K 
tt. mmtiMiMOK < icRttfeffS 20nm©Fe-5 50 
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a tXTa- 1 0 a t «Ctt»ttil©tf «>8M|C3nri> 
[0 04 8] m S 5 (tC, K»^? F© h 

»& o/waw e>*x s c t o fc. e«ia»«g 4 

l>Td*g&0/W> 3 0 d B#»6*iifc«>K:tt. ISH 
^ ? F»ffitft4©tt«I»fb (Bs J . IBIS© h 5 » t> 
M (Tw> t®ififiS«ie^f*©S>;et4M©fiJl<i:IS?D 
UtO^OWiLt, 0. 16Bs h -Tw^£ (B 

s. • T.) ?:ifct i: c i ^ fc. 
Tfcfc£i|ifiBfiSM©ie^? FS»*0^-Ctt. IWiT 
*B5iB»*J${C#i6 L,rSia«aiB»J«ft:«:«M-r 4ft 
S&teJS©!K;¥ <!; fi&f n^b©*# 3 SrlSH-f -5 C <fc 

r<&£„ 5a«ie«^i*©*ffi^^ii-fb^"-2>fc*{cii. tt 

£ ^ < ®cattJi©i^?»/h SU^l^K, 2 ( b s 
. • T.) ^Bs» • Twr««+#r*3C£#s?ts83 

[0 04 9] *HiS{^T^LfcF e - N i 
Co-Nb-Zr Sc^ttSt, F e - T a - 
miW-Z^ti-etlb 0 n m, 5 0nm, 2 0nmiLfci 

SB^fBisyg&iiBJs k ^ 9 z.mo . 1 5 a m, n£ t 

■5 v i'ltl 0 . 14am ©faW#$£§^ F *IS^-^t># 
T. 80Gb/i n 2 ©*fr-CJ.5-U- h<&S.iJ^L/c 
4C5> 1 0-fitTOi4«»6n&. 
[005 0] 

[f£?S©3a^] ^H^tcitiW, 2J3£j£l&£iie&&& 
©^W'X^ttiiS^-^ i' F(Cj:4fBSk^'Sr?:5Jt#-r* 

ms.^-i xt>mm<Dmm&oimttj;z^ 4 0Gb 

/in ! JW±©^Sa®^ielf *i nJ#E i & 0 . ^g©/]N 
M^b^gffl{b*^^{c^ £„ 

[0 1 ] *miic£zm&m»tmM#<D-mz7jk?wi 

[02] 4kttttR<Dtt^i4i«ltt^-r&WS«tABI. 

[^3] *i6Bj j: ^ ffiot^f a^^f*©fte©0a^-r 

[04] emiBlS^ft©l?ffiifSS?r^f0o 

[05] mmmm{^<Dwm^^rm. 

[06] *^Bj^cj:4Siua«iB^<*©ftfe©^!i^-r 

W?ffi«^0. 

[07] *m*ic£zm&®mmMW<Dm<m%7fkT 

[08] ®mfBI^*©fPiS*S*?r^-r0„ 

[##©SiBj] 

11 •••»«. 12-sjsmmmm. i3-wm\m. 
1 4 -immtnm, 1 5 -tJceffi®. 1 6 -$&m 

B. 1 8 -SitlBfiJI. 1 9-«S 

2 0-ffifb©ft$. 2 l-SWt©l^*. 3 1 -a 

«. 3 2-^wMaai. 3 3 •••iwsaim 3 4-«tt 
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3 5-"tt»tML 3 6-#»ffl* 3 7 

m. 3 8 -m&mitmco^^mmmm. 39-msm 

itm. 4 0HSBBL 6 6 2-«M 6 

3 6 4 6 5-#»ttffll, 6 6 

, 6 7-«t4E 6 6 9-* 
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7 o-mms&im. 7i-«bbl 72- 

. 7 3HK38B14IJL 7 7 5-« 

• 7 6-*MtttK, 7 7-*«ttJ«, 7 8-«tt 
7 9 -imttM. 8 0 -SftttfUfc 8 1 



[HI ] 



[B2] 



AT 




[H3] 






[04] 




100 200 



[05] 



[06] 
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V ^ 
N *\ 
Ki- 
ts s 



<aite>ooo 




ttW4BI<QfJ & (ran) 




(13) 



WW 2 0 0 1 - 1 5 5 3 2 2 



17] 




34 



52 



232 




10 100 



kjr*b s»# fljmsE * §i— t a 28osri& 

»S;^?± B3ii!MWf **W!fi»f w 



C723«w* sun » 

*SCtUH»*TSKSE ^S— TB280S* 
f*5fc£tt BS*lf^»f **W5SBf ft 
F # — A (##) 5D006 BB01 BB05 BB07 BB08 CA01 
CA03 CA05 CA06 FA09 
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